The objectives of this study were to evaluate substrates produced from the peach-palm agroindustry waste and sewage sludge as a source of nutrients for the production of Brazilian Peppertree seedlings (Schinus terebinthifolius Raddi), and to compare the performance of these substrates under various levels of slow release fertilizer for this species. Four levels of fertilizer were tested (0, 2.0, 4.0 and 6.0 g dm -3 ) in three types of substrates: BIOCPI = Sewage sludge + Peach-palm bark (1:1 v:v); BIOCPII = Sewage sludge + Peach-palm bark (1:2 v:v) and BIOCPIII = Sewage sludge + Peach-palm bark (1:3 v:v). Plant height, stem diameter, dry matter (shoot and root), height/diameter ratio, Dickson quality index and N, P, K, Ca, Mg, and S contents in the shoot were measured. The use of the substrates BIOCPII and BIOCPIII proved to be viable for the production of Brazilian Peppertree seedlings. Doses above 4.0 gdm -3 of granular fertilizer are recommended for better results.
INTRODUCTION
The Brazilian Peppertree (Schinus terbinthifolius Raddi) belongs to the Anacadiaceae family. It is a pioneer species, native to Brazil, with great potential for economic and ecological exploitation (Lenzi & Orth, 2004) . It has high ecological plasticity, rapid growth and fruit production for avifauna. Hence it can occupy different types of environment and plant formations (Fleig & Klein, 1989) , and is commonly used for recovery processes in degraded areas and riparian forests.
The production of seedlings of species like the Brazilian Peppertree demands low-cost and quality substrates in a large quantity. The substrate exerts a marked influence on the architecture of the root system and on the nutritional status of plants, intensely affecting the seedling quality. For the composition of specific materials, it is necessary to select products with appropriate characteristics for each species, rationalizing costs without compromising the seedling quality (Caldeira et al., 2011) .
Sewage sludge is a waste produced in large quantities from treatment plants, which does not yet have a destination that allows for its efficient reuse. For the most part its final destination is a sanitary landfill. The agricultural use of this material is regulated by law, prescribed by Resolution No. 375/2006 of the National Council for the Environment -CONAMA (Brasil, 2006) . The resolution defines criteria and procedures for the agricultural use of sewage sludge generated in sewage treatment plants and of its by-products.
The sludge richness associated with other structuring components such as rice hulls, wood sawdust and coconut fiber (among others) has opened new perspectives for the use of these materials as substrate for producing forest seedlings (Trazzi et al., 2014; Silva et al., 2015; Scheer et al., 2012; Rocha et al., 2013) . Studies using biosolids (composted sewage sludge) and different structuring materials in the substrate composition have shown positive results for different forest species. In comparing a commercial substrate with others based on different ratios of biosolids and charcoal rice husks in the production of Brazilian Peppertree seedlings (Schinus terebinthifolius Raddi), Trigueiro & Guerrini (2014) found the best results with proportions of around 40% biosolids in the mixtures.
At Vale do Ribeira (a peach-palm producing region), Silva et al. (2015) evaluated the viability of using peach-palm agroindustry waste (bark) composted with sewage sludge for the substrate composition, affirming its viability for producing Juçara seedlings (E. edulis Mart.). These results open possibilities for the use of such residues in the composition of substrates; however, even though they are organic materials rich in nutrients, there are no guarantees of their availability during the seedling production cycle. Slow-release fertilizers (SRF) are presented as interesting fertilization alternatives, considering that they have soluble compounds (NPK and some micronutrients) in their formulation that are gradually released due to their composition. SRF have been tested in nurseries and in the field to reduce nutrient losses due to leaching and to reduce post-harvest shock mortality (Lang et al., 2011) .
Based on the above, the objectives of this study were to evaluate substrates produced from peach-palm agroindustry residues and sewage sludge as a source of nutrients for the production of Brazilian Peppertree seedlings (Schinus terebinthifolius Raddi), and to compare the performance of these substrates under various levels of slow-release fertilizer for this species.
MATERIAL AND METHODS
The experiment was carried out in a seedling nursery of the UNESP located in the municipality of Registro, São Paulo state (latitude 24°29'22" S, longitude 47°50'10" WE, altitude of 11.99 m). The climate is Cf (subtropical humid) according to the Köppen classification.
Three substrates were tested: (1) substrate based on peach-palm (bark) and sewage sludge from the Sewage Treatment Plant of Ilha Comprida, São Paulo state, in the proportion of 1:1 v:v; (2) substrate based on the peach-palm industry waste and compost with sewage sludge in the proportion of 2:1 v:v; and (3) substrate based on the peach-palm industry waste and compost with sewage sludge in the proportion of 3:1 v:v. These potential substrates were named BIOCP I, BIOCP II and BIOCP III. After composting, the samples were collected and sent to laboratories for physical, chemical and biological characterization. (Brasil, 2006) . The pH, moisture, total carbon (C), nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S) and sodium (Na) levels were determined according to the methodology proposed by Van Raij et al. (2001) . The microbiological analysis was carried out using the methodologies proposed by Higaskino et al. (1998) and Andraus et al. (1998) .
Considering the total concentrations of heavy metals and the parasitological parameters (absence of salmonella, fecal coliforms and helminth eggs), the analyzed biosolids were suitable for agricultural use in compliance with CONAMA Resolution No. 375/2006 (Brasil, 2006 . The physical characterization (Table 2) was performed using the methodology proposed by Moraes et al. (2001) .
The experiment was conducted in a completely randomized design (CRD) according to a 3 × 4 factorial arrangement with three types of substrates (BIOCP I, BIOCP II and BIOCP III) and 4 levels (0; 2.0; 4.0 and 6.0 g/dm 3 ) of slow-release granular fertilizer (Osmocote a release time between 5 and 6 months. Each treatment was evaluated using four replicates each represented by 20 seedlings and 10 were used for morphological evaluations, thus totaling 40 seedlings per treatment.
Prior to initiating the experiment, the substrates were sieved using a 3 mm mesh sieve and the granular fertilizer doses were mixed separately for each treatment. Then, 110 mL cylindrical-conical polyethylene tubes arranged in 192-well plastic trays were filled (with the substrates). Two Brazilian Peppertree seeds were used for the sowing (Schinus terebinthifolius Raddi) per tube. Thinning was performed when the seedlings reached 5 cm in height, leaving 1 seedling per tube in keeping the most vigorous and centralized one. Irrigations were maintained daily while conducting the experiment using sprinklers with a flow rate of 232 L/hour, ranging from two to three times in a 4-min watering shift, and depending on the temperature and humidity conditions of the site. No cover fertilization was performed.
Shoot height (H) measurements were performed at 120 days after emergence based on the distance between the stem and the insertion of the last pair of leaves at the apex of the plants, using a graduated ruler in cm and stem diameter (D) in mm using digital caliper. The H/D ratio was subsequently calculated. The plants were cut at the base of the stem after the measurements, dried in an air circulation oven (60 °C), thus composing the shoot dry matter (SDM). The roots were also separated, washed and dried in an oven at 60 °C, composing the root dry matter (RDM). The SDM was submitted to chemical analysis (N, P, K, Ca, Mg and S) according to the methodology proposed by Malavolta et al. (1997) .
The Dickson Quality Index (DQI) was calculated in order to evaluate the seedling quality according to Equation 1:
in which: RBSR is the relationship between shoot dry biomass and root dry biomass (in g); and RAD is the height ratio (in cm) with stem diameter (in mm).
Data were submitted to analysis of variance and the Tukey mean comparison test (at 5% probability) using Sisvar software. The levels of one factor within the other were compared for all variables in which interaction between factors was detected. Polynomial regressions were performed with the purpose of analyzing the effect of different levels of fertilizer on the growth of the measured variables.
RESULTS AND DISCUSSION
A significant effect of the interaction between the different granulated fertilizer doses and the evaluated substrates ( Figure 1 ) was observed for the variables height (H), stem diameter (D), shoot dry matter (SDM) and root dry matter (RDM), as well as nitrogen (N) and potassium (K) leaf contents.
Plant heights presented different behaviors for the three substrates used, as the quadratic responses for BIOCPI and BIOCPII allowed for determining the maximum efficiency of granulated fertilizer doses 
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Granulated and Biosolid Fertilizers… Floresta e Ambiente 2019; 26(3): e20171104 at 4.8 and 4.5 g dm -3 , respectively. The interaction of the BIOCPIII compound with the fertilizer doses showed an increasing linear response, indicating that higher height values could be achieved by using doses higher than 6.0 g dm -3
. In analyzing different doses of a slow-release fertilizer (Osmocote) in the production of Canafístula seedlings (Peltophorul dubium), Dutra et al. (2016) also found positive quadratic responses to an elevation of the fertilizer doses up to the maximum dose of 5.4 g dm -3
.
The seedlings from all treatments presented height between 30 and 40 cm, therefore considered within the standard required for transfer to the field (Table 3 ).
The highest values were obtained by combining the BIOCPIII substrate at the dose of 6.0 g dm -3
. In comparing the substrate averages, BIOCPI was statistically lower than BIOCPII and BIOCPIII; this result may be a reflection of the higher sludge percentages in this substrate's composition. In evaluating increasing proportions of sewage sludge in the production of Brazilian Peppertree seedlings, Trigueiro & Guerrini (2014) attributed the lower growth in plant height to the higher percentage of sludge in the mixture, being associated to the lower amount of macropores in these treatments with sludge. Nóbrega et al. (2007) found the same tendency as the one observed in the present study; this means a height reduction with percentages greater than 33% of sludge.
We can also highlight the lower height values when using the three substrates without the addition of granulated fertilizer (level 0), which indicates that these materials alone were not able to meet the nutritional requirements of this species. Gonçalves et al. (1992) found that pioneer species have a more developed root system and a higher density of thin roots, in addition to presenting higher growth rates and nutrient absorption than climax species. Rapid growth and high nutritional requirements thus imply the need for fertilization.
The stem diameter had quadratic behavior for the substrates BIOCPII and BIOCPIII with positive responses up to the maximum dose of 3.0 g dm -3
( Figure 1 ). In general, the stem diameter is highly observed in evaluating seedling survival capacity in the field. Thus, it is indicated to help defining the applied fertilizer doses when aiming to evaluate the production and quality of tree seedlings (Carneiro, 1995) . As shown in Table 3 , it was observed that the seedlings growth on all substrates were above 2.5 mm at 120 days after germination, including those with no fertilizer addition. Hence they have achieved the recommended standard for transferring to the field with no significant difference between treatment means.
The relationship between height and stem diameter indicates the seedling quality at any stage of the production period, which should be between the limits of 5.4 to 8.1 (Carneiro, 1995) . In this study, higher values were verified for the three substrates evaluated in the doses above 2.0 g.dm -3 of the mineral fertilizer (Table 4) . Although there was no statistical difference between the evaluated treatments, all of them presented values above this range, which also occurred in the experiment by Trigueiro & Guerrini (2014) with the same species. The authors point out that the experiment could be finalized before 120 days based on these results. Shoot dry matter (SDM), root dry matter (RDM) and seedling quality index (DQI) evaluated at 120 days are presented in Table 4 and Figure 2 . Shoot dry matter (SDM) indicates the rusticity of a seedling, with higher values representing more lignified and rustic seedlings and with a greater use in environments with adverse conditions (Gomes & Paiva, 2004) . For the substrates BIOCPII and BIOCPIII (Figure 2) , the increasing quadratic equations were adjusted with a maximum calculated dose of 5.0 and 5.6 g.dm , respectively, from which a decrease in production was observed due to a possible saline effect in more eluted doses of the granulated fertilizer. Scheer et al. (2012) observed a tendency to obtain higher biomass values from the shoots of Lafonsia pacari, a non-pioneer species, as the granulated fertilizer was added to sewage sludge-based compounds up to the dose of 2.7g.dm -3 , followed by a decrease in SDM values. This evidences the difference in nutritional requirements varying with the successional group to which the species belong. The negative quadratic response to the increase of fertilizer doses in the SDM occurred up to the dose of 2.0 g.dm -3 in the BIOCPI substrate. Similar to that occurring with plant height, the SDM obtained in the substrates BIOCPII and BIOCPIII was significantly superior to the BIOCPI substrate, the treatment based on sewage sludge and peach-palm bark at the proportion of 1:1 (Table 4) . Analyzing sewage sludge and carbonized rice hulls as a substrate for the production of eucalyptus, Trigueiro & Guerrini (2003) found better results for sludge proportions below 50% of the mixture volume. Studies carried out by Delarmelina et al. (2014) , Gomes et al. (2013) and Scheer et al. (2012) have shown results recommending maximum proportions of 60% of In the substrates, values in the line followed by the same letter are not significantly different at the Tukey test. Ns = not significant; VC = Variation Coefficient; *significant at 5% probability level.
Figure 2. Shoot dry matter (SDM) and root dry matter (RDM) of Schinus therebinthipholius
Raddi seedlings on three substrates in response to different doses of the slow-release fertilizer.
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Granulated and Biosolid Fertilizers… Floresta e Ambiente 2019; 26(3): e20171104 sewage sludge in the mixtures. In this study, proportions of 50% (BIOCPI) of sewage sludge resulted in lower height and SDM values when compared to the other tested substrates. Even from the perspective of the rich mineral composition, the tested substrates were not able to supply the nutritional demands of the Brazilian Peppertree seedlings. The nutrient supply in this stage was provided by the applied slow-release fertilizer.
Incorporating increasing granulated fertilizer doses to the BIOCPII and BIOCPIII substrates (Figure 2 ) positively influenced the biomass and root (RDM) production of the Brazilian Peppertree, caused by better mineral nutrition in the seedlings.
The use of BIOCP II and BIOCPIII substrates resulted in higher RDM values than that of BIOCPI (Table 4) . Trigueiro & Guerrini (2014) affirm that higher percentages of sewage sludge in the substrate provide lower root growth. This result is associated with the lower percentage of macropores that results in less aeration, as observed in the present study and which can be verified in Table 2 . Gomes & Paiva (2004) highlight that the DQI should have a minimum value of 0.20 for quality seedlings. In evaluating this parameter, we verified that all the evaluated materials (Table 4) in this study provided production of quality seedlings. The highest value for the DQI was found with the use of the BIOCPI substrate at the dose of 6.0 g.dm The N contents obtained from the shoots of the seedlings with the substrates BIOCPI and BIOCPII showed an increasing linear response (Figure 3) , indicating a positive response to increasing the slow-release fertilizer doses. Comparing the values of Table 5 with those considered as adequate by Andrade & Boaretto (2012) , it is observed that all treatments resulted in low N foliar content, although no visual symptoms of disability were observed. The similarity in the treatment effects (Table 5) shows that the nutritional differences of the evaluated substrates did not reflect increases in N content in the shoots of the Brazilian Peppertree seedlings, and that this effect was only due to the doses of added fertilizer. The nutritional richness of these compounds may not have been made available in time, given the nutritional requirement of a pioneer species. By evaluating substrates with different proportions of sewage sludge in the production of Dedaleiro seedlings (Lafoensia pacari), a species of the non-pioneer group, Scheer et al. (2012) found that the N content present in the compounds were able to supply the nutritional needs of the seedlings 8 months after sowing. In studies using urban waste compost, Berton & Valadares (1991) reported the need to supplement the compound with For the BIOCPI substrate, the maximum dose of 2.0 g.dm -3 fertilizer resulted in the highest levels of K (Figure 3) in Brazilian Peppertree leaves. The change in the proportion of peach-palm bark in the mixtures resulted in increases in the potassium content in the substrates (Table 1) . However, this increase was not reflected in the content of this element in the shoots of the Brazilian Peppertree. No significant differences between the evaluated compounds for the K content in the shoots (Table 5) were verified. All treatments resulted in lower K content than those observed by Andrade & Boaretto (2012) , which can be attributed to the reduced efficiency when using higher doses of this nutrient.
No interaction between the applied phosphorus doses and the evaluated substrates for the P content in the shoots of the evaluated plants was found. According to Andrade & Boaretto (2012) , all values observed in this study are below those considered appropriate for the species. Although some other authors (Scheer, 2010; Rocha et al., 2013) have credited the capacity of compounds obtained from sewage sludge and residues such as rice husk and tree pruning used pure (without the addition of fertilizers) to meet the nutritional needs of seedlings, these results may vary according to the different species. P content found in the sewage sludge, as well as in the compounds obtained by the mixture of this material with other waste, does not ensure greater availability for the seedlings in the early stages of growth. This element can be mineralized over time, which may represent nutritional deficiencies for fast growing species with high nutritional requirements.
Ca, Mg and S contents in the shoots of the Brazilian Peppertree seedlings (Table 6 ) did not statistically differ between the doses or the compounds tested. Although lower than those considered suitable for seedlings of this species, the values are close to those observed in experiments using sewage sludge Table 5 . Nitrogen (N), phosphorus (P) and potassium (K) concentrations in the shoots of Schinus terebinthifolius seedlings at 120 days. ------------------------------------(g.kg   -1   ) ------------------------------------ In the substrates, values in the line followed by the same letter are not significantly different at the Tukey test. Ns = not significant. VC = Variation Coefficient.
) -------------------------------------
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The substrates obtained from residues such as peach-palm and sewage sludge present viability for producing Brazilian Peppertree seedlings. However, the species' successional group must be taken into account. In the case of pioneer species, the short planting time implies the need for nutrient supply via more soluble sources applied via ferti-irrigation or even the use of granular slow-release fertilizers.
The results presented in this study attest to the positive effect of mixing peach-palm agroindustry waste to sewage sludge for producing substrates and quality seedlings. The production of these materials on a larger scale can thus bring economic and environmental gains, since it meets the recycling criteria of waste with polluting potential.
CONCLUSIONS
When used pure, the BIOCPI, BIOCPII and BIOCPIII substrates were not able to supply the necessary nutrients for the growth of the Brazilian Peppertree.
The use of the substrates BIOCPII and BIOCPIII produced from sewage sludge and peach-palm agroindustry residue was viable for the production of Brazilian Peppertree seedlings. Doses above 4.0 gdm -3 of granulated fertilizer are recommended.
